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ABSTRACT 
A desired feature of modern field probes is that the 
useable bandwidth should exceed that of the Antenna 
Under Test (AUT) [1]. Recent developments in probe 
and orthomode junctions (OMJ) technology has 
shown that bandwidths of up to 4:1 are achievable [2-
5]. The probes are based on inverted ridge technology 
capable of maintaining the same high performance 
standards of traditional probes  
However, in typical Spherical Near Field (SNF) 
measurement scenarios, the applicable frequency 
range of the single probe can also be limited by the 
content of μ≠1 spherical modes in the probe pattern 
[6-7]. This is because the traditional NFtoFF software 
applies probe correction under the assumption that 
the probe pattern is fully specified from knowledge of 
the E-and H-plane patterns only [8]. While this 
condition is guaranteed for virtually any type of probe 
for small illumination angles of the AUT and/or a long 
probe/AUT distance this assumption may lead to 
unacceptable errors in special cases.   
This paper describes the design and experimental 
verification of a Ka-band probe based on the inverted 
ridge technology. The probe is intended for high 
precision SNF measurements in special conditions that 
require less than -45dB higher order spherical mode 
content. This performance level has been 
accomplished through careful design of the probe and 
meticulous selection of the components used in the 
external balanced feeding scheme.  
The paper reports on the electrical and mechanical 
design considerations and the experimental 
verification of the modal content.  
 
Keywords: wideband antennas; open- ended waveguides; 
dual polarized antennas; antenna measurements.  
1. Introduction 
Dual polarized probes for modern high precision 
measurement systems have strict requirements in terms of 
pattern shape, polarization purity, return loss and port-to-
port isolation. As a desired feature of modern probes the 
useable bandwidth should exceed that of the antenna 
under test so that probe mounting and alignment is 
performed only once during a measurement campaign [1]. 
Consequently, the probe design is often a trade-off 
between performance requirements and usable bandwidth.  
Recently, a new orthomode junction (OMJ) and probe 
design based on inverted ridge technology has been 
developed capable of achieving as much as 4:1 bandwidth 
while maintaining the high performance standards of 
traditional probe designs [2-7].  
Measurements and simulations performed in [6-7] 
show that in the inverted ridge technology probes, the 
fourfold symmetry support spherical modes with mode 
index μ≠1. The odd spherical modes with index μ=3,5,7.. 
derive from the physical design of the inverted ridge 
structure and are basically insensitive to excitation errors. 
The odd modes content can therefore be limited to levels 
below any practical concern by a careful design of the 
inverted ridge layout. The even spherical modes with 
index μ=0,2,4.. derive mainly from the excitation errors of 
the balanced feeding and can therefore be controlled by a 
meticulous selection of the components of the external 
balanced feeding scheme as discussed in [6-7].   
Considering a threshold of around -40dB for the power 
content of higher order spherical modes, similar to the 
mode truncation level of most reference facilities, the 
frequency range of an inverted ridge probe is generally 
better than 2:1. By careful mechanical and electrical 
design the desired maximum of -45dB higher order 
spherical modes content can be achieved.   
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2. Probe Specification 
The probe is intended for high precision Ka-band SNF 
measurements. The specified bandwidth of 33-37GHz is 
only slightly higher than 1.1:1 and does not pose a 
significant design problem in terms of bandwidth. The 
electrical performance specification for the probe requires 
low directivity and high angular illumination, low loss, 
good return loss performance, high port-to-port isolation 
and excellent cross polar discrimination on-axis. The most 
important design parameter for the OMJ design is that the 
single spherical mode power content of the probe pattern, 
μ≠1, must be less than -45dB.  The specific electrical 
probe requirements are summarized in Table 1. 
Item Specification 
Polarisation Dual linear 
Bandwidth 33 – 37 GHz 
Return Loss < -12 dB 
Port to Port isolation > 45 dB 
Cross polar discrimination >45 dB on axis 
Polarisation orientation < 0.3 
μ≠1 spherical mode content  < -45dB 
Table 1: Electrical probe requirements. 
3. Probe Design 
The SATIMO DOEW18000 open ended waveguide 
consists of a wideband OMJ covering the entire 
bandwidth from 18-40GHz. This probe can either be used 
as a fixed wide band probe covering the entire bandwidth 
or equipped with different, interchangeable apertures each 
designed for different antenna measurement conditions as 
discussed in [5]. The Ka-band probe was devised as a 
custom designed aperture mounted on the standard OMJ 
of the DOEW18000 as shown in Figure 1.  
 
Figure 1 – Custom designed aperture (left) for the 
OMJ of the DOEW18000 wide band probe with 
interchangeable apertures (right).  
The “aperture” comprises a short conical waveguide 
that connects the OMJ to the radiating structure of the 
probe. By designing a specific narrow band aperture for 
the existing OMJ the higher order spherical mode content 
can be readily controlled. As discussed in [6-7] the odd 
spherical modes with index μ=3,5,7.. can easily be limited 
to levels below any practical concern by the physical 
layout of the aperture. 
The even spherical modes with index μ=0,2,4.. derive 
mainly from the excitation errors of the balanced feeding 
of the OMJ. By forcing the lower frequency of the 
aperture closer to the operating frequency the probe 
becomes less sensitive to excitation errors in the 
bandwidth of interest.  
The effective excitation error from a given OMJ is 
difficult to measure accurately but upper bound can be 
derived from measurements on specific components. 
Using numerical simulation the radiation pattern of the 
entire probe assembly can be determined with different 
levels of excitation error from ideal balanced excitation. 
The spherical mode power spectrum versus frequency can 
then be determined from the spherical wave expansion of 
the radiation pattern.  
Using this approach, the calculated spherical modal 
content including excitation errors up to 1dB and 8° phase 
error is shown in Figure 2. The actual excitation error 
should be far less than this value. Even with such high 
OMJ excitation error the even mode content of the probe 
stays below 90 dB in the frequency range of interest. 
Considering these values, the probe could safely operate 
in the 32-38GHz range. The odd higher order spherical 
modes are also well below levels of practical concern.     
 
Figure 2 – Calculated spherical mode power spectrum 
with frequency assuming OMJ excitation errors of 
1dB, 8° deviation from ideal balanced condition. 
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3. Experimental Performance Verification 
For verification testing, the Ka-band probe was 
calibrated in the DTU-ESA Spherical Near-Field Antenna 
Test Facility at the Technical University of Denmark 
(DTU). The final probe mounted on the antenna 
positioner is shown in Figure 3. 
 
Figure 3 – Final Ka-band probe mounted on the probe 
tower in the DTU-ESA Facility.  
The measured S-parameters for the probe are shown in 
Figure 4. All measured values comply with the 
specification.  
 
Figure 4 – Measured S-parameters of the final Ka-
band probe.  
The measurement of the radiation characteristics of the 
probe was carried out for each port separately with the 
unused port terminated in a 50 Ohms load. For each port, 
the full-sphere measurement was repeated twice, with 
different scanning schemes, to suppress the effect of 
mechanical inaccuracies in the setup, scattering effects, 
drift and noise. Therefore, it is considered that the effect 
of the mechanical sources of inaccuracy is negligible, 
while the effects of the scattering, drift and noise are 
reduced by a factor √2. From standard measurement 
uncertainty analysis the 3σ value for the on-axis 
directivity is 0.10 dB and 0.40 dB for the on-axis gain. 
The on-axis polarization measurement was carried out 
versus the probe with known polarization characteristics. 
For each port of the probe, a polarization pattern was 
measured by rotating the probe about the horizontal axis 
[8]. The polarization characteristics and the amplitude 
phase factor (channel balance) of the probe were then 
determined from these measurements. The measured on-
axis axial ratio and tilt angle and the probe amplitude 
phase factor are shown in Figure 5.   
 
Figure 5 – Measured on-axis radiation characteristics. 
Axial ratio/tilt (left), amplitude phase factor (right).  
The measured directivity pattern of the probe at 35GHz 
(center frequency) for both X and Y probe ports are 
shown in Figure 6.  
 
 
Figure 6 – Measured probe pattern @ 35GHz.  
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The measured probe boresight directivity for both probe 
ports in 41 frequency points in the 33-37GHz frequency 
range is shown in Figure 7.  
 
Figure 7 – Measured peak directivity in 41 frequency 
points in the 33-37GHz range. 
The normalized μ-mode power spectrum for both ports 
of the probe at 35.0 GHz is shown in Fig. 8. The spectra 
at the other frequencies in the 33-37GHz bandwidth have 
very similar behavior.  
 
Figure 8 – The normalized μ-mode power spectrum of 
the probe at 35.0 GHz before translation of the 
reference measurement system. 
It is seen from Figure 8 that the spectrum with indices 
μ > 2 is very low, but the spectrum indices μ = 0 and μ = 
2 are at the level of some −30dB, much higher than 
expected. By examining closer the measured probe 
patterns it was found that, while the amplitude patterns are 
highly symmetric, the phase pattern possesses some 
asymmetry. It is known that asymmetry of the phase 
pattern for a structurally symmetric antenna can be caused 
by a translated phase reference point, i.e. the origin of the 
measurement coordinate system.  
By translating the phase reference point of the 
measured far-field pattern by small amounts both along x-
axis and along y-axis it was possible to achieve a 
symmetric phase pattern in both E and H planes. This was 
done systematically for both probe ports at 5 frequencies 
within the 33-37 GHz frequency range. It was found that 
an average displacement by +0.10 mm along the x-axis 
and by +0.09 mm along the y-axis would restore the 
expected symmetric phase pattern for both ports in both 
planes and at all 5 frequencies. Both the mechanical set-
up in DTU and the actual probe interface were closely 
examined and it was concluded that both systems have 
mechanical errors below these values. After further 
examination, this mechanical error was attributed to the 
mechanical interface used specifically for the 
measurements in the DTU range. Since the probe will be 
used without this interface in its final configuration it was 
decided to accept the translated patterns as references for 
the actual probe performance.   
The normalized μ-mode power spectrum for both ports 
of the probe at 35.0 GHz after translation of the reference 
coordinate system along the x and y-axis , thus correcting 
for the pointing error is shown in Fig. 9.  
 
Figure 9 – The normalized μ-mode power spectrum of 
the probe at 35.0 GHz after translation of the 
reference measurement system. 
As can be seen in Figure 9 all indices in the power 
spectrum of the probe are very close to the expected 
values of around -45dB.    
4. Conclusion 
A Ka-band probe based on the inverted ridge 
technology has been designed, manufactured and tested. 
The probe was devised as a custom designed aperture 
mounted on the standard OMJ of the DOEW18000. The 
probe is intended for high precision SNF measurements in 
special conditions that require less than -45dB higher 
order spherical mode content. This performance level has 
been accomplished through careful design of the probe 
and meticulous selection of the components used in the 
external balanced feeding scheme. 
The probe performance has been verified in the DTU-
ESA Spherical Near-Field Antenna Test Facility. The 
high accuracy radiation measurements revealed an 
alignment error of the test mechanical interface of roughly 
0.14mm. Upon correction, the low level of higher order 
spherical modes of the probe pattern was confirmed.    
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